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METHOD AND DEVICE FOR SIGNALING SEVERAL ITEMS OF 
INFORMATION RELEVANT FOR OPERATING A MOTOR VEHICLE 



Baokgroimd Informatio nF ield Of The Invention 

The present invention relates to a method and a device for signaling several items of 
information relevant for operating a motor vehicle according to the species of the 
independent claims. 

5 

Background Informatijon 

Methods and devices for signaling several items of information relevant for operating a motor 
vehicle are already known. For example, a visual display for the current fuel consxmiption is 
already provided standard in many vehicles and promotes the consciousness for an 
10 economical driving style. For this purpose, different fuel consumption values can be 
represented visually. 



Summarv of the Invention 

By contrast, the method according to the present invention and the device according to the 
15 present invention for signaling having th e f e atiur e s of the ind e p e nd e nt claims h ave the 

advantage that different items of information are represented by unambiguous haptic signals, 
particularly having a maximum, at different positions of a control element of the vehicle, 
particularly an accelerator pedal. The haptic signaling secures the advantage that the driver of 
the vehicle registers the corresponding information without having to take his eyes from the 
20 roadway. The risk of an accident is reduced in this manner. If the haptic signaling occurs via 
a control element constantly operated by the driver, for example the accelerator pedal, this 
ensures that the driver registers the items of information transmitted via the haptic signals. 
The haptic signaling does not distract from traffic events and also does not present a safety 
risk. 

25 

Advantageous further developments and improvements of the method indicated in the main 
claim are rendered possible by the measures specified in the dependent claims. 
Particularly advantageous is the fact that different items of information are formed by 
different fuel consumption values. Thus different fuel consumption values can be haptically 
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signaled at different positions of the control element and hence be unequivocally 
differentiated for the driver. Thus via haptic signaling it is possible to convey to the driver of 
the vehicle a quantitative statement regarding the current fuel consumption. 



5 It is also advantageous if the different fuel consumption values are respectively represented 
by a characteristic of the haptic signaling on the control element, particularly a saw-tooth- 
shaped characteristic, having a maximum at the associated position of the control element. In 
this manner it is possible to signal the different fuel consumption values haptically in a 
particularly simple maimer and with little expenditure at the associated position of the control 
10 element. This ensures furthermore that a specific fuel consumption value results in a 

maximum in the haptic signaling at only one single position of the control element such that 
additional positions of the control element are available for the representation of further fuel 
consimiption values using haptic signaling. In a particularly simple manner, this allows for a 
quantitatively differentiable haptic signaling of different fuel consimiption values. 

15 

It is also advantageous if at least one fuel consimiption value to be signaled is specified using 
an input tmit. In this manner, the driver of the vehicle himself is able to determine what fuel 
consumption values are to be signaled to him. Haptic signaling of the fuel consimiption 
values is thus adapted to the requirements of the driver. 

20 

A further advantage is the fact that one of the haptic signals represents an optimum 
engine efficiency factor. In this manner, the haptic signaling on the control element is 
also able to represent different types of information. 

25 It is particularly advantageous in this regard that the optimum engine efficiency factor is 
represented by a haptic signal that takes effect beginning from a position of the control 
element associated with the optimum engine efficiency factor. In this way, the haptic 
signaling of the optimum engine efficiency factor can be differentiated from a possibly 
existing haptic signaling of one or more fuel consumption values in the type of haptic 

30 signaling and thus be registered by the driver in a differentiated manner. 

A further advantage is the fact that the haptic signaling is formed by a restoring force 
acting at the control element. In this way, the haptic signaling can be implemented in a 
manner that is particularly simple and effective for the driver since in the essentially 
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constant operation of the control element the driver will in all probability register such a 
restoring force. 

Brief Description of the Drawin g Qf The Drawings 

5 An exemplar>^ embodiment of th e pre s ent inv e ntion is d e picted in the drawing and e xplained 
in gr e ater detail in th e following description. 

The figures show: 

Fife-4 -Fig;ure 1 shows a block diagram with a device according to the present invention^^ 

10 

Fig7-3 -Figure 2 shows a characteristics map for ascertaining a specific fiiel consumption of 
the motor vehicle^^ 

Figr-3 -Figure 3 shows a characteristics map for ascertaining a restoring force for an 
1 5 accelerator pedal of the vehicle^^ 

Figr-4- Figiire 4 shows a flow chart for illustrating the functioning of the device according to 
the present invention and of the method according to the present invention^i 

20 Figr-§ -Fi^re 5 shows a further flow chart for illustrating the structure of the device 

according to the present invention and the sequence of the method according to the present 
invention^i 

Figr-6 -Figure 6 shows a characteristics map for ascertaining a specific fiiel consumption^^ 

25 

F4fe-? -Figure 7 shows a characteristic of a restoring force of an accelerator pedal as a 
function of the fiiel consumption-«id^ 

figr ^Figure 8 shows a characteristic of the restoring force of the accelerator pedal as a 
30 function of an accelerator pedal position for signaling different types of information 
relevant for operating the motor vehicle. 

Detailed Descriptio n of th e Ex e mplary Embodimonts 
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In Figure 1, 25 indicates a control unit of a motor vehicle having a drive unit, which includes 
for example a spark-ignition engine, a diesel engine, an electric motor or the like, or which is 
based on an arbitrary alternative drive concept. The vehicle furthermore includes a control 
element 1, which takes the form of an accelerator pedal for example. Control unit 25 includes 
5 a driver request interpretation imit 30, which is connected to accelerator pedal 1. From the 
position wped of accelerator pedal 1 operated by the driver, driver request interpretation imit 
30 ascertains a setpoint value for an output quantity of the drive unit. This output quantity 
could be an engine output torque, for example, or a wheel output torque or a power output or 
an output quantity derivable from the mentioned quantities. In the following, it shall be 

10 assumed by way of example that the output quantity of the drive unit is an engine output 

torque. In a manner known to one skilled in the art, driver request interpretation unit 30 thus 
forms a setpoint value MengsoII for the engine output torque of the drive unit from the position 
wped of accelerator pedal 1. Setpoint value Mengsoii thus formed as a ftmction of the driver 
request is sent to a first summing element 35, where it is added to a resulting torque 

1 5 requirement Msonst, which is formed by a coordinator 40 as a fiinction of the other torque 

requirements. The other torque requirements may for example arise from the compensation of 
the torque requirements of ancillary components of the vehicle such as, for example, an air- 
conditioning system, a car radio or a servomotor, or from an idle speed control . The 
coordination of these other torque requirements in coordinator 40 also occurs in a manner 

20 known to one skilled in the art. The sum formed by first summing element 35 is a resulting 
total setpoint value Msoiiges, which is supplied to a device 5 according to the present invention. 
Device 5 is used for haptic signaling on control element 1 , that is, in this example on 
accelerator pedal 1 . This haptic signaling may occur, for example, by generating a suitable 
restoring force on accelerator pedal 1. In device 5, an engine speed sensor 45 supplies a 

25 current engine speed ueng of an engine driving the drive unit, which, as described, may be a 
spark-ignition engine, a diesel engine or an electric motor for example. Furthermore, a 
coordinator 50 for other restoring force requirements on accelerator pedal 1 may be 
optionally provided, which forms a resulting restoring force Ffbsonst for these other restoring 
force requirements. This could be a haptic feedback for maintaining a safety distance for 

30 example. The resulting restoring force requirement Ffbsonst is likewise sent to device 5. 
Optionally, an input imit 15, as represented in Figure 1 using dashed lines, may also be 
provided. In input unit 15, the driver may for example specify one or more fuel consumption 
values. These are likewise supplied to device 5. According to Figure 1, control unit 25 
includes driver request interpretation unit 30, first sunmaing element 35 and device 5. Control 
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unit 25 may be implemented for example as hardware and/or software, the soflrware being 
executable by a microchip. Device 5 ascertains from the supplied input quantities a resulting 
total restoring force Ffbges and triggers accelerator pedal 1 to set this resulting total restoring 
force Ffbges. This may be implemented in a manner known to one skilled in the art using an 
5 actuator, electronically triggered by device 5 but not shown in Figure 1, for setting a spring 
force acting counter to the direction of operation of accelerator pedal 1 

For the following considerations, it shall be assumed by way of example that the vehicle is 
driven by a combustion engine, that is, for example by a spark-ignition engine or a diesel 
engine. The considerations, however, apply generally to the energy consumption of the 
vehicle. During an acceleration process, the fuel consumption corresponds to the power 
required for overcoming the mass inertia of the vehicle. The fuel consumption during the 
acceleration process can be minimized in that the driver maintains the engine at a favorable 
operating point by a defined position of the accelerator pedal, an accelerator pedal position 
which according to the present invention is to be indicated to the driver by a haptic signal on 
accelerator pedal 1 . 

Figure 2 shows a so-called conchoid characteristics map of a combustion engine, in which the 
output torque of the engine, the so-called indicated torque Mi in Nm, is plotted against the 
20 engine speed nENC in RPM. The indicated torque Mi and the engine speed nENO define a 

characteristics map for a specific fiiel consumption of the vehicle in g/kWh, in that isolines 
are represented for this specific fuel consumption in the specified unit. The characteristics 
map may be ascertained on an engine test stand in that with the specification of the engine 
speed nENG and the load, which is implemented for example by an eddy-current brake, the 
25 ratio between the fuel quantity consumed and the mechanical work performed at the 
crankshaft is ascertained. This ratio is indicated by Be. The ratio Be is the specific fuel 
consumption. The specific fiiel consimiption Be is then plotted, according to Figure 2, against 
the engine speed and the indicated torque Mi, which represents the load varied by the eddy- 
current brake in a manner known to one skilled in the art. For this purpose, the indicated 
30 torque Mi may be ascertained as an average value for the respective braking effect of the 
eddy-current brake over a specified time period. If one connects all points in the 
characteristics map that have an approximately equal specific fuel consumption Be, then one 
obtains, as represented in Figure 2, conchoid isolines or contour lines that give this 
characteristics map its name. 
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For every engine speed nENG, there is exactly one minimal specific fuel consumption Be and 
thus exactly one optimum efficiency factor. In Figure 2, the points with the minimal specific 
fuel consumption for different engine speeds Neng are indicated by triangles. If one connects 
5 the points of the minimal specific fuel consumption to one another, one obtains the dotted 
line in Figure 2, which is indicated by reference numeral 55. In the following, this line 55 is 
also referred to as the line of the minimal specific fuel consimiption. Figure 3 shows a 
characteristics map, in which the characteristic of a haptic signal Ffb in N and with it a 
restoring force for accelerator pedal 1 is plotted against engine speed nENG in RPM on the 

10 abscissa and the indicated engine torque Mi in Nm on the ordinate. The characteristic of this 
haptic signal Ffb results from dotted line 55 of the minimal specific fuel consumption 
according to Figure 2 in that the regions above and below this line 55 are separated from each 
other by different values of restoring force Ffb. In particular, these may be two different 
values, that is, a first restoring force Fl above line 55 of the minimal specific fuel 

15 consumption and a second restoring force F2 below this line 55, it being possible, for 

example, that first restoring force Fl is greater than second restoring force F2 and second 
restoring force F2 is equal to zero. In this manner it is possible to signal to the driver the 
optimum operating point of the drive unit and thus the optimum engine efiSciency factor by 
increasing the restoring force Ffb on accelerator pedal 1. In the event that, as described, first 

20 restoring force Fl is greater than second restoring force F2 and second restoring force F2 is 
equal to zero, this will result in the optimum efficiency factor of the engine for the accelerator 
pedal position, at which the driver will sense a corresponding increase in the resistance and 
thus of the restoring force when operating accelerator pedal 1. 

25 Figure 4 shows a flow chart to illustrate the functioning of device 5 according to the present 
invention as well as of the method according to the present invention. In Figure 4, identical 
reference numerals denote identical elements as in Figure 1. In contrast to the block diagram 
in Figure 1, however, Figure 4 additionally explains in more detail the structure of device 5 
according to the present invention. Device 5, which may be implemented as a software 

30 structure on a microchip for example, includes a characteristics map function 60, which 

implements the conchoid characteristics map from Figure 2, and which receives the resulting 
total setpoint torque MsoUges supplied by first siunming element 35 as well as the current 
engine speed nENC as input quantities. From this, characteristics map function 60 ascertains as 
output quantity the haptic signal Ffb in that a check is performed as to whether the operating 
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point formed by current engine speed nENC and the resulting total setpoint torque MsoUges 
lies above or below line 55 of the minimal specific fuel consumption. If the operating point 
lies above line 55, then Ffb is equal to Fl, otherwise Ffb is equal to F2. Haptic signal Ffb is 
supplied to a maximimi selector element 65, to which the restoring force coordinator 50 
5 additionally supplied the resulting restoring force requirement Ffbsonst of the other restoring 
force requirements. From the quantities supplied, maximum selector element 65 selects the 
maximum and issues it as resulting haptic signal Ffbges to accelerator pedal 1 for setting the 
corresponding restoring force. Maximiun selector element 65 limits the restoring force on 
accelerator pedal 1 downward to ensiire that, following its releeise, the accelerator pedal 
10 retums again to its starting position. 

The method according to the present invention and the device 5 according to the present 
invention allow the driver, by virtue of the haptic signaling on accelerator pedal 1, to drive 
and accelerate using the optimum efficiency factor of the engine In addition, by contrast with 
15 a visual display, a haptic signal on accelerator pedal 1 is constantly present to the 

consciousness of the driver and does not have an irritating effect and one that distracts from 
traffic. 

Figure 5 shows a second exemplary embodiment for device 5 starting fix>m the block diagram 
20 in Figure 1, identical reference numerals again denoting identical elements as in the previous 
figures. In this alternative specific embodiment, the resulting total setpoint torque Msollges 
issued by first summing element 35 and the current engine torque nENC are supplied to a 
second characteristics map fimction 100 of device 5, which, starting fi*om the conchoid 
characteristics map in Figure 2, which in Figure 5 is represented once more but without line 
25 55 of the minimal specific fiiel consumption, ascertains for the operating point of the drive 
unit defined by resulting total setpoint torque MsoUges and current engine speed nENO the 
associated specific fiiel consimiption Be from the conchoid characteristics field. Parallel to 
the ascertairunent of the specific fiiel consimiption, the mechanical power output at the 
crankshaft of the combustion engine is calculated by multiplying resulting total setpoint 
30 torque Msoiiges and current engine speed nENC in a first multiplication element 70 and is 
converted in a second multiplication element 75 into the unit kW using a first conversion 
factor El in a manner known to one skilled in the art. Thus, at the output of second 
multiplication element 75, the mechanical power output P is available in kW. In a first 
division element 80, the specific fuel consumption Be ascertained by second characteristics 
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map function 100 is divided by the power output P in kW at the output of second 
muhipHcation element 55 so as to ascertain the fuel consumption in g/h. The result of this 
division is supplied to a third multiplication element 85 where it is converted by 
multiplication with a second conversion factor E2 in such a manner, known to one skilled in 
5 the art, that it results in a fuel consxunption in 1/h. Thus third multiplication element 85 
converts the unit g into 1 with the aid of the specific density of the fuel used, the second 
conversion factor E2 corresponding to the inverse value of this specific density and the 
density referring to 1. In a second division element 90, the output of third multiplication 
element 85 is divided by the current speed of the vehicle, which is measured, for example, by 

10 a speed measuring device in a manner known to one skilled in the art and is supplied to 
second division element 90. The output of second division element 90 thus yields the fuel 
consumption in l/(m/s). This is multiplied in a fourth multiplication element 95 by a third 
conversion factor E3 in a manner known to one skilled in the art in order to convert the unit 
m/s into the unit km/h so that the output of fourth multiplication element 95 yields a fuel 

15 consumption be per distance traveled in 1/(1 00km). This fiiel consimiption be per distance 
traveled may be displayed in a visual display device of the vehicle. In the following, the fuel 
consumption be per distance traveled is also referred to as the consumption per unit of 
distance be. Consumption per unit of distance be is supplied to a characteristics function 105, 
which as a function of the consumption per unit of distance be ascertains a second haptic 

20 signal Ffbbe and supplies it to maximum selector element 65 together with the resulting 
restoring force requirement Ffbsonst of the other restoring force requirements. Maximum 
selector element 65 performs a maximum selection of the two supplied quantities so that the 
greater of the two input values is implemented at control element 1 in the manner described 
as the resulting haptic signal or as the resulting total restoring force requirement Ffbges. 

25 Figure 7 illustrates an example for characteristics function 105. In this instance, second haptic 
signal Ffbbe as a percentage of the maximum restoring force is plotted against consumption 
per unit of distance be in 1/(1 00km). At the consumption per unit of distance of 81/(1 00km), 
this second haptic signal Ffbbe rises sharply to 100% and subsequently levels off 
comparatively slowly to the consumption per unit of distance of 131/(1 00km). At a 

30 consumption per unit of distance of 201/(1 00km), the second haptic signal again rises sharply 
to 100% and subsequently levels off again comparatively slowly to a consumption per unit of 
distance of 251/(1 00km). According to the example in Figure 7, this yields for the second 
haptic signal for the consumption per unit of distance between 8 and 131/(1 00km) as well as 
for the consumption per unit of distance between 20 and 251/(1 00km) in each case 

NY01925123 vi 8 MARKED-UP COPY OF 

SUBSTITUTE SPECIFICATION 



approximately the same saw-tooth-shaped characteristic having a maximum of 81/(1 00km) or 
201/(1 00km). Due to its steep rise, the choice of the saw-tooth-shaped characteristic allows 
for the associated consumption per xmit of distance to be clearly impressed upon the driver. 
The respective subsequent leveling off or sloping down of second haptic signal Ffbbe allows 
5 for a later renewed rise and thus makes room for the signaling of additional items of 

information or consumptions per xmit of distance via the restoring force on accelerator pedal 
1. For this purpose, the consumptions per unit of distance be may be specified in a fixed 
manner in device 5 with the maximum of second haptic signal Ffbbe or may be specified by 
the driver at input unit 15 and be supplied to characteristics function 105 according to the 

10 deished arrow in Figure 5 so that the driver can choose for himself at what consumption per 
vmit of distance or at what consumptions per unit of distance accelerator pedal 1 should 
generate the maximum restoring force of 100% according to second haptic signal Ffbbe. 
To this end, the driver is able to specify via input unit 15 one or several consumptions per 
unit of distance at which the maximum restoring force should be generated on accelerator 

15 pedal 1 . Additional consxmiptions per unit of distance with a maximum restoring force on 
accelerator pedal 1 may be optionally specified in a fixed manner by the manufacturer and 
may be stored in a memory assigned to device 5 and supplied to characteristics function 105. 
According to the present invention, there may now be a further provision for device 5 to 
include the functionality according to Figure 4 as well as the functionality according to 

20 Figure 5, the maximum selector element 65 then being supplied both with first haptic signal 
Ffb as well as with second haptic signal Ffbbe as well as with the resulting restoring force 
requirement Ffbesonst, and the resulting haptic signal Ffbges generated by maximimi selector 
element 65 representing the maximum of the three mentioned input quantities. In this 
manner, using the haptic signal, i.e. in this example the restoring force on accelerator pedal 1, 

25 it is possible to signal different types of information, namely, one the one hand, one or more 
different consumptions per unit of distance, for example according to Figure 7, and, on the 
other hand, an optimum engine efficiency factor according to first characteristics map 
function 60. 

30 Figure 8 therefore shows the resulting haptic signal Ffbges as a percentage of the possible 
restoring force plotted against the position wped of the accelerator pedal. Between a first 
accelerator pedal position wpedbel and a second accelerator pedal position wpedbe2, this 
yields a saw-tooth-shaped characteristic of the resulting haptic signal Ffbges for the haptic 
signaling of a specified consumptionper unit of distance. The leveling off of the saw-tooth- 
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shaped characteristic may occur for example at such a moderate slope that, as far as possible, 
it goes umioticed by the driver. In a further third accelerator pedal position wpedsonst, which 
is greater than first accelerator pedal position wpedbel and greater than second accelerator 
pedal position \vpedbe2, the resulting haptic signal Ffbges rises from zero again to 100% and 
5 remains at 100% for accelerator pedal positions greater than third accelerator pedal position 
wpedsonst so as to signal the optimum engine efficiency factor at third accelerator pedal 
wpedsonst. 

Thus via the haptic signaling on accelerator pedal 1 and thus on one single control element it 
10 is possible to represent several different types of information relevant for operating the motor 
vehicle and for the driver to register them. 

The method according to the present invention and the device according to the present 
invention thus show how it is possible to transmit several haptic signals via one single 

15 accelerator pedal 1. The saw-tooth-shaped characteristic of the restoring force, which is used 
in this example for signaling the consumption per unit of distance, has the advantage that it 
allows for the maximirai magnitude of the restoring force to be used. This makes it possible 
for the driver to distinguish clearly between different types of information relevant for 
operating the motor vehicle, which are represented using the maximum restoring force at 

20 different positions of accelerator pedal 1 . 

To this end, the different items of information are represented by unambiguous haptic signals 
at different positions of accelerator pedal 1 . In this example, the unambiguousness is 
achieved by the fact that the different haptic signals each have a maximum, for example in 
25 the form of a saw tooth or of a maintenance of the maximum in the case of signaling the 
optimum engine efficiency factor. 

Compared to visual or auditory signals, a haptic signal is perceived as particularly pleasant 
and is moreover constantly present to the consciousness of the driver. 
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